###### What is known about the subject?

-   Massage therapy (MT) has been widely used for many different indications in children and adults.

-   Several studies report its efficacy, but adverse events (AEs) of massage therapy are poorly investigated.

###### What this study adds?

-   A range of AEs are associated with MT use, from mild to severe.

-   There is an association between abdominal MT in preterm neonates and volvulus without malrotation, but the causality of this association is yet to be determined.

-   Until further data are identified, extreme caution on the use of abdominal massage in preterm neonates is warranted.

Background {#s1}
==========

Massage therapy (MT) is one of the most popular complementary therapies in North America and has a long history of practice.[@R1] According to the College of Massage Therapists of Ontario, "Massage therapy consists primarily of hands-on manipulation of the soft tissues of the body, specifically, the muscles, connective tissue, tendons, ligaments and joints for the purpose of optimizing health. Massage therapy treatment has a therapeutic effect on the body and optimizes health and well-being by acting on the muscular, nervous and circulatory systems."[@R3]

Massage therapists press, rub and manipulate muscles and soft tissues of the body, often with their hands and fingers, to relieve physical dysfunction and pain, reduce stress, promote relaxation, reduce anxiety or depression, and improve general well-being.[@R4]

Various types of MTs have been practised using specific techniques, including Swedish, Thai, shiatsu, tui na, connective tissue, deep tissue, myofascial, trigger point and so on.[@R6]

Massage is used in children around the world, including countries where massage is not part of their traditional medicine practices. Close to 1% of American children use MT.[@R9] In Canada, a survey involving 979 families attending subspecialty clinics demonstrated that the most common complementary therapy reported was massage, with 39.1% reporting use.[@R10] In Europe, the frequency of massage use varies from 8.7% to 29% in a subpopulation of children with oncological disorders.[@R11] MT is frequently used in children with health problems, and its use is as high as 47% in patients with neurological disorders, 38% in patients with cardiac disorders and 34% in patients with respiratory disorders.[@R12]

Despite MT's longstanding history and popularity, specific mechanisms by which massage exerts its therapeutic effects are not yet known.[@R7] Researchers have long been interested in MT for children's health and well-being.[@R18] A recent meta-analysis of clinical trials of MT on infants under 6 months of age found statistically significant effects on weight and height, improving head/arm/leg circumference, 24-hour sleep duration, lowering blood bilirubin level and frequency of diarrhoea.[@R19] Among preterm infants, MT enhanced average weight gain and reduced hospital length of stay.[@R20] In children 2--18 years old, MT has been shown to improve arthritis pain, muscle tone and decrease anxiety.[@R21] There is limited evidence supporting MT for cancer pain[@R22] and chronic pain in children.[@R23]

Most systematic reviews of paediatric MT have focused on the effectiveness of MT rather than its safety.[@R18] One systematic review included two case reports of adverse events (AEs) among children[@R8]: one infant with scrotal haematoma associated with MT of a hydrocoele[@R32] and a teenager with a popliteal artery pseudoaneurysm after MT overlying an exostosis.[@R33] AEs reported for adults were more diverse, including cerebrovascular accidents, disc herniation/spinal cord injury, thromboembolism (renal, pulmonary), soft tissue trauma, leg ulcer and genitourinary injuries.[@R8] These studies demonstrated that the nature and circumstances of MT AEs for adults are quite different from paediatrics. While many complementary therapies are considered to be at low risk of harm, safety of health interventions should be measured, rather than assumed, especially in vulnerable populations, including children.[@R36]

The objective of this systematic review was to identify the evidence of AEs associated with massage therapy in children.

Methods {#s2}
=======

Searching databases {#s2-1}
-------------------

A systematic review was conducted according to the guidelines of the Preferred Reporting Items for Systematic Review (PRISMA) Statement and the PRISMA Harms.[@R38] In consultation with two massage therapists, a health research librarian designed a comprehensive search strategy. Seven electronic databases were searched from inception to December 2018. The databases included Medline, EMBASE, CINAHL, Cochrane Central Registry of Controlled Trials, Cochrane Database of Systematic Reviews, PsycINFO and Alt HealthWatch. We identified search terms by using keywords including Massage, Adverse Effects and Pediatrics, and a combination of subject terms selected from the controlled vocabulary or thesaurus (eg, MeSH---Medical Subject Headings, Emtree for Embase, CINAHL Headings and PsycINFO Thesaurus) with a wide range of free-text terms.

No language restrictions were applied. The search strategy was adapted to follow recommendations by Golder and Loke to optimise for the retrieval of AEs data.[@R40] The full Medline search strategy is available in [online supplementary appendix A](#SP1){ref-type="supplementary-material"}.
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Study selection {#s2-2}
---------------

Studies were eligible to be included if they (1) were a primary study published in a peer-reviewed journal---primary study was defined as "*study reported directly by the researcher that conducted the study"*, rather than depending on data collected from previously done research; (2) involved children from birth to 18 years of age; and (3) used MT for any indication---studies were not excluded based on conditions leading to MT. The inclusion of studies was not limited by medical condition, training of massage provider or the presence/absence of a comparison/control intervention. There was no restriction by study design or reporting AE. We excluded studies if they (1) only applied light touch or (2) only used self-massage, and were (3) grey literature. Studies of reflexology and studies of massage for lacrimal duct obstruction were also excluded since those were not relevant to this review. Case reports were only included if they reported an AE. Two reviewers performed study selection, independent and in duplicate, and discrepancies were resolved by consensus or a third reviewer.

Data extraction {#s2-3}
---------------

A structured data extraction form was used to collect data from the articles. General characteristics of studies included country, study design, settings, population, age and gender. Specific information included indication for treatment, AE severity, N of event, age (age/weight and age at AE for newborn babies), gender, type of MT, MT practitioner, outcome with severity grade and notes from the authors. Independent duplicate assessment was performed for both study selection and data extraction.

AEs were defined as per the Cochrane handbook as "adverse event is an unfavorable or harmful outcome that occurs during, or after, the use of a drug or other intervention, but is not necessarily caused by it".[@R41]

Data synthesis {#s2-4}
--------------

The data from studies were tabulated into general information and AEs tables. The Common Terminology Criteria for Adverse Events (CTCAE) scale was used to classify severity of AEs[@R42] ([table 1](#T1){ref-type="table"}).

###### 

Grading system for severity of adverse events (CTCAE)

  Grading   Description
  --------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Grade 1   Mild; asymptomatic or mild symptoms; clinical or diagnostic observations only; intervention not indicated
  Grade 2   Moderate; minimal, local or non-invasive intervention indicated; limiting age-appropriate instrumental Activities of Daily Living (instrumental ADL: preparing meals, shopping for groceries or clothes, using the telephone, managing money, etc)
  Grade 3   Severe or medically significant but not immediately life-threatening; hospitalisation or prolongation of hospitalisation indicated; disabling; limiting self-care ADL (bathing, dressing and undressing, feeding self, using the toilet, taking medications and not bedridden)
  Grade 4   Life-threatening consequences; urgent intervention indicated
  Grade 5   Death related to AE

CTCAE, Common Terminology Criteria for Adverse Events.

The severity was categorised into five *grades*, from *grade* 1 (mild, asymptomatic) to *grade* 5 (death), based on information provided by the studies. Duplicate assessment of CTCAE ratings was performed and discrepancies between two reviewers were resolved by consulting a senior reviewer.

We also classified the AEs as 'direct', if directly caused by the intervention, or 'indirect', if the intervention caused a delay in diagnosis or treatment which resulted in an AE.[@R43]

Since this was a systematic review of AEs following MT, effectiveness/efficacy of MT was not assessed. We neither performed meta-analysis nor risk of bias assessment. Subgroup analysis was done separating study designs by severity of AEs to assess if any specific type of massage would lead to more severe events.

Results {#s3}
=======

Comprehensive search in seven electronic databases yielded a total of 12 286 citations. Screening titles and abstracts identified 11 348 references irrelevant to the review question; 938 full-text articles were retrieved for further evaluation. By using the pre-specified inclusion/exclusion criteria, 60 studies were included ([figure 1](#F1){ref-type="fig"}).

![PRISMA diagram for systematic review of paediatric massage therapy adverse events (AEs).](bmjpo-2019-000584f01){#F1}

The discrepancies were discussed, and consensus was reached between the two reviewers. There were no residual discrepancies.

Included studies were published between 1991 and 2018, and were conducted in 11 countries including China (n=1), France (n=2), Germany (n=1), India (n=3), Iran (n=3), Madagascar (n=1), Malaysia (n=1), Poland (n=1), Russia (n=2), Singapore (n=1), Sweden (n=1), Switzerland (n=2), USA (n=1) and UK (n=2). Among 60 studies with a total population of n=3557, 29 studies (n=1520) were single-arm experimental or case studies that received MT and 31 studies (n=2037) were studies with a comparator/control group, of which almost half (n=972) have received MT and the rest (n=1065) were controls with no MT. Gestational age (GA) in the preterm infants having MT varied was from 23.5 to 37 weeks. Age of children ranged from 1 day to 18 years.

Studies not reporting on AE {#s3-1}
---------------------------

There were 13 studies (10 randomised controlled trials (RCTs), 1 controlled clinical trial (CCT), 2 single-arm experiments) that did not report if an AE occurred, or not, after receiving MT. Of total 878, 436 children (0 to 18 years) received MT for various reasons including infantile colic, childhood eczema, weight gain in preterm babies, soothing pain for heel stick, improving neurological diseases, and helping urinary tract and HIV infection.

Reports of AEs {#s3-2}
--------------

Of 60 included studies, 16 (26.6%) reported AE(s), 31 (51.6%) did not mention if an AE occurred or not, and 13 (21.6%) reported that no AE occurred. [Figure 1](#F1){ref-type="fig"} illustrates the PRISMA flow diagram. Of 16 studies (n=438) reporting AEs, 13 were published in English, one in Russian and two in French. In total, 11 different types of AEs occurred in 64 individuals. Of 16 studies reporting an AE, five did not state who performed the massage therapy. Of the 11 that reported, MT was provided by trained nurses (n=2), parents/grandparents (n=1), paramedic personnel (n=1), nanny (n=1), traditional massage practitioner (n=1) and trained massage practitioner (n=5). In some cases, a nurse or trained massage practitioner started MT, and a parent continued the massage. None of the studies reported any AE associated with MT when it was provided by a licensed or registered massage therapist.

Indirect AE {#s3-3}
-----------

One publication identified an indirect AE, that is, a delay in diagnosis and/or treatment. A case report documented four children with *Staphylococcus aureus* osteomyelitis, which presented as upper arm swelling.[@R44] The authors considered the use traditional MT for swelling a cause for delay in the diagnosis and treatment, leading to progression of the infection (grade 3).

Risk of bias assessment {#s3-4}
-----------------------

Risk of bias was not assessed for two reasons: (1) the large majority of included studies (11 of 16) were case reports and case series, for which there is no universally accepted tool to assess bias; (2) with regards to RCTs, there is evidence that existing risk-of-bias tools are developed with efficacy as their main focus and that other factors should be considered for assessment of AEs.[@R41] Until an appropriate tool is developed, we opt to not proceed with an assessment that may itself lead to bias. At present, there is no clear guidance on how to proceed with risk-of-bias assessment on studies reporting AEs data.[@R37]

### Studies not reporting on AE {#s3-4-1}

There were 13 studies (10 RCTs, 1 CCT, 2 single-arm experiments) not reporting if an AE occurred, or not, after receiving MT. Of total 878, 436 children (0 to 18 years) received MT for various reasons including infantile colic, childhood eczema, weight gain in preterm babies, soothing pain for heel stick, improving neurological diseases, urinary tract infection and HIV infection.

AEs and severity {#s3-5}
----------------

### Serious AE (grades 4--5) {#s3-5-1}

Five included studies reported 18 cases of serious AEs after MT.[@R49]

Seventeen preterm infants (15 females and two males) were diagnosed with intestinal volvulus without malrotation (VWM) after abdominal massage. The MT were usually performed 4--8 times per day by nurses to stimulate peristalsis in preterm (27--31 weeks gestational age) and extremely preterm (\>23.5 and \<27 weeks gestational age) infants. The intestinal volvulus occurred from 13 days to 52 days after birth. Four infants died (grade 5) and 13 survived after bowel resection surgery (grade 4). A retrospective case--control study done by Maas *et al*[@R49] reports five extremely preterm infants (GA 24.4 weeks) with VWM. Each case was matched with five other preterm infants with similar birth weight, GA and birth year. Three of the five patients with volvulus died. Maas *et al* report that MT was not found to be a risk factor for the volvulus, as both cases and controls received massage similarly.

In addition, a serious AE also occurred in a 4-month-old female who had status epilepticus due to camphor intoxication, following abdominal massage with camphor-containing lotion. She was hospitalised for 72 hours for uncontrolled seizures, where she was intubated, mechanically ventilated and given seizure treatment (grade 4) ([table 2](#T2){ref-type="table"}).

###### 

Volvulus without malrotation in paediatric massage therapy (n=17)

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  First author (year), location\               Indication for treatment                                AE\        n event/N population   Age/weight                        Age at AE                          Gender   Type of MT                                        MT practitioner       Outcome (grade)                      Notes from study authors
  Study design                                                                                         Severity                                                                                                                                                                                                                     
  -------------------------------------------- ------------------------------------------------------- ---------- ---------------------- --------------------------------- ---------------------------------- -------- ------------------------------------------------- --------------------- ------------------------------------ -----------------------------------------------------------------------------------------------------------------------------------------------------------
  Maas *et al* (2014),[@R49] Germany\          To stimulate peristalsis in extremely preterm infants   VWM\       5/2                    23.6--25.4 weeks GA; 370--630 g   37--52 days after birth            5 F      Abdominal massage 4--6 times/day                  NS                    3 died (grade 5)\                    Data did not support the hypothesis that abdominal massage was a risk factor for VWM; no further cases were diagnosed after the practice was discontinued
  Case--control                                                                                        Severe                                                                                                                                                                                  2 survived after surgery (grade 4)   

  Zweifel *et al* (2013),[@R50] Switzerland\   To stimulate peristalsis in preterm infants             VWM\       3/3                    27--31 weeks GA; 880 g            NS                                 2 F\     Repeated abdominal massage multiple times a day   Nurse                 3 survived after surgery (grade 4)   There may be a causal relationship between abdominal massage and VWM; no further cases were diagnosed after the practice was discontinued
  Case series                                                                                          Severe                                                                                                 1 M                                                                                                                   

  Paraskevopoulos (2006),[@R51] Switzerland\   To stimulate peristalsis                                VWM\       2/2                    27 weeks GA                       At 19th and 32nd day after birth   2 F      Intensive abdominal massage every 3 h             Nurse                 2 survived after surgery (grade 4)   The infants had no other risk factors other than the abdominal massage; the practice was discontinued with no further cases since
  Case series                                                                                          Severe                                                                                                                                                                                                                       

  Billiemaz *et al* (2001),[@R52] France\      To stimulate peristalsis                                VWM\       7/7                    27--29 weeks GA: 660--1100 g      Days 13--33                        6 F\     Abdominal massage                                 Healthcare provider   1 died (grade 5)\                    No new cases of VWM were seen after the practice was discontinued
  Case series                                                                                          Severe                                                                                                 1 M                                                                              6 survived after surgery (grade 4)   
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

AE, adverse event; F, female; GA, gestational age; M, male; MT, massage therapy; NS, not stated; VWM, volvulus without malrotation.

### Moderate AEs (grades 2--3) {#s3-5-2}

There was one non-randomised controlled trial (NRCT),[@R54] two case series[@R44] and four case reports[@R32] from 1994 to 2017 reporting on 27 children, aged from 1 day to 16 years. Those children experienced moderate AEs including infant mastitis/abscess, osteomyelitis, popliteal artery pseudoaneurysm, acute unilateral neurosensory hearing loss, scrotal haematoma and oxygen desaturation. The NRCT[@R54] assessed physiological measurements including amplitude-integrated electroencephalography, oxygen saturation (SaO~2~), pulse rate and cerebral blood flow in 39 preterm infants following whole body Shantal (stroking and rubbing whole body) massage by a therapist and the mother. They reported four cases of oxygen desaturation (\<85%) requiring withdrawal from the experiment (grade 2); no further details were provided. One case series[@R55] described 15 cases of neonatal mastitis following repeated massage in 15 infants aged 6--48 days; all cases needed antibiotic therapy with or without abscess drainage (grade 3).

Three case reports of MT AE were also published: (1) a popliteal artery pseudoaneurysm after leg MT on an osteochondroma in a 16-year-old male[@R33]; (2) acute unilateral neurosensory hearing loss after MT on the neck and trapezius muscle in a 14-year-old male diagnosed with autonomic nervous system dysfunction[@R57]; (3) scrotal haematoma after traditional MT with a warm sand bag on hydrocoele of a 1-day-old baby boy.[@R32] The first and third cases resolved after hospitalisation and appropriate surgery and second case resolved after intensive treatment plan at a hospital for 15 days and at home for 7 days (grade 3) ([table 3](#T3){ref-type="table"}).

###### 

Moderate to severe adverse events in paediatric massage therapy (n=27)

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  First author (year), location\                     Indication for treatment                                         AE\                                                        n event/N population                                             Age                                                        Time of AE                       Gender   Type of MT                                         MT practitioner                             Outcome (grade)                                                                                         Notes from study authors
  Study design                                                                                                        Severity                                                                                                                                                                                                                                                                                                                                                                                                                                
  -------------------------------------------------- ---------------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------------- ---------------------------------------------------------- -------------------------------- -------- -------------------------------------------------- ------------------------------------------- ------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Rudnicki *et al* (2012),[@R54] Poland\             Assessing the physiological effects\* of MT in preterm infants   Arterial oxygen desaturation \<85%\                        4/39                                                             39 preterm infants, 22 \<32 weeks GA and 17 ≥32 weeks GA   18 days (n=17), 24 days (n=22)   5 F      Shantal (stroking and rubbing whole body)          Therapist/mother                            Withdrawn from the study (grade 2)                                                                      No other information was given by the authors about management or resolution of this AE
  CCT                                                                                                                 Moderate                                                                                                                                                                                                                                                                                                                                                                                                                                

  Masoodi *et al* (2014),[@R55] India\               Breast hypertrophy (12 mastitis and 20 abscess)                  Mastitis and breast abscesses\                             15/32 received MT to express secretions for breast hypertrophy   6--48 days                                                 NS                               NS       Repeated breast massage                            NS                                          Resolved after antibiotic therapy/drainage of abscess (grade 3)                                         Massage for neonatal breast hypertrophy should not be performed
  Case series                                                                                                         Moderate                                                                                                                                                                                                                                                                                                                                                                                                                                

  Razafimahandry *et al* (2007),[@R44] Madagascar\   Upper arm osteomyelitis (*Staphylococcus aureus*)                Severe infection due to delayed diagnosis (20--60 days)\   4/4                                                              5--11 years                                                NS                               2 F\     Traditional massage                                NS                                          3 cases resolved after hospitalisation and antibiotic therapy (grade 3)                                 One case was a severely cachectic 11-year-old boy diagnosed with pulmonary tuberculosis and died of septic shock 5 days later; no other details regarding his death was described
  Case series                                                                                                         Moderate                                                                                                                                                                                                                2 M                                                                                                                                                                                                             

  Guilbert *et al* (2007),[@R53] France\             Flatulence                                                       Status epilepticus\                                        1/1                                                              4 months                                                   72 h                             1 F      Abdominal massage with camphor-containing lotion   Caregiver                                   Hospitalised, intubated, treated for status epilepticus (grade 4)                                       Other investigations were normal; the infant was extubated after 3 days and later discharged home with a normal neurological examination
  Case series                                                                                                         Severe                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Kalinga *et al* (1996),[@R33] Singapore\           Swelling of right thigh due to osteochondroma                    Popliteal artery pseudoaneurysm\                           1/1                                                              16 years                                                   3rd session of massage           M        MT with herbal medicine (5 sessions)               Traditional Chinese medicine practitioner   Resolved after hospitalisation and surgery (grade 3)                                                    Diagnosis was right popliteal artery pseudoaneurysm after the 5th session of MT. At surgery, femoral artery defect was found adjacent to the osteochondroma
  Case report                                                                                                         Moderate                                                                                                                                                                                                                                                                                                                                                                                                                                

  Medvedev (1994),[@R57] Russia\                     Autonomic nervous system dysfunction                             Acute unilateral neurosensory hearing loss\                1/1                                                              14 years                                                   During treatment                 M        Tonic MT of the neck including trapezius muscle    NS                                          Recovered with hospitalisation; medications plus '5 sessions of TENS for 8th cranial nerve' (grade 3)   The boy with ANS dysfunction received MT and developed acute unilateral neurosensory hearing loss with noise. MT stimulated the ANS and caused vascular spasm leading to decreased blood flow to the cochlea and subsequent hearing impairment
  Case report                                                                                                         Moderate                                                                                                                                                                                                                                                                                                                                                                                                                                

  Ram *et al* (1994),[@R32] Malaysia\                Hydrocele                                                        Scrotal haematoma\                                         1/1                                                              1 day                                                      1st day                          M        Traditional MT to testes with warm sand bag        NS                                          Resolved after surgery (grade 3)                                                                        None
  Case report                                                                                                         Moderate                                                                                                                                                                                                                                                                                                                                                                                                                                
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

AE, adverse event; ANS, autonomic nervous system; CCT, controlled clinical trial (non-randomised controlled trial); F, female; GA, gestational age; M, male; MT, massage therapy; NS, not stated; TENS, transcutaneous electrical nerve stimulation.

### Mild AE (grade 1) {#s3-5-3}

Two RCTs[@R58] described skin rashes after whole body massage with various oils (almond, mineral, coconut or safflower) examining the effects of MT on growth measurements (weight, height, etc) in 17 infants with age from 1 day to 3 days. These mild reactions occurred in 2.5% in the first[@R58] and 6% in the second[@R59] study populations; all resolved spontaneously without discontinuation of MT or the oils (grade 1). Two almost identical RCTs[@R60] examined the immunogenicity of mild rubbing massage on vaccination sites among 808 and 328 infants 2--6 months old, respectively. AEs included crying, anorexia, drowsiness, vomiting, irritability, fever, pain, redness and induration; all were mild and did not need an intervention except general health advice for vaccinated children (grade 1). Two single-arm experimental studies, one by Cullen *et al*,[@R62] described mild hyperactivity (n=1), and the other by Beaver[@R63] reported increased blood pressure/heart rate and decreased transcutaneous oxygen saturation (n=8) following MT. One case report by Li *et al*[@R64] described a mild skin bruising after a MT technique involving pinching skin. All these interventions needed minimal intervention for resolution (grade 1) ([table 4](#T4){ref-type="table"}).

###### 

Mild adverse events in paediatric massage therapy (n=20)

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  First author (year), location\                  Indication for treatment                                               AE\                                 n event/N population   Age         Time of AE         Gender   Type of MT                                                       MT practitioner             Outcome (grade)                                                   Notes from study authors
  Design                                                                                                                 Severity                                                                                                                                                                                                                                                          
  ----------------------------------------------- ---------------------------------------------------------------------- ----------------------------------- ---------------------- ----------- ------------------ -------- ---------------------------------------------------------------- --------------------------- ----------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Patel Gera and Haynes\                          Examining of MT for reflux                                             Bruising and dry patches on face\   1/1                    6 weeks     3 days after MT    M        Craniosacral massage                                             Not reported                No major complication (grade 1)                                   Vitamin K deficiency bleeding was confirmed after rapid elevation of international normalised ratio; the craniosacral massage therapy was the cause of his superficial bleeding
  (2017),[@R56]\                                                                                                         Mild                                                                                                                                                                                                                                                              
  USA\                                                                                                                                                                                                                                                                                                                                                                                     
  Case report                                                                                                                                                                                                                                                                                                                                                                              

  Li *et al* (2015),[@R64] China\                 Repeated vomiting                                                      Bruising\                           1/1                    5 years     NS                 M        Traditional Chinese massage therapy (ba sha)                     Grandmother/mother          Bruising was mild (grade 1) (patient died due to strangulation)   An incidental case with multiple bruises over the chest, neck and shoulders resulting from traditional Chinese MT (ba sha), involving pinching the skin between thumb and index finger, for vomiting. Injuries resulting from ba sha were not the cause of death
  Case report                                                                                                            Mild                                                                                                                                                                                                                                                              

  Solanki *et al* (2005),[@R58] India\            Examining MT with oil on growth and fatty acid profile of the infant   Skin rash\                          3/118                  1--3 days   3rd and 4th days   47 F\    Massage with safflower oil for 10 min, 4 times/day over 5 days   Trained massager            Resolved spontaneously (grade 1)                                  The rash resolved without treatment in 1--2 days despite continuing the oil massage
  RCT                                                                                                                    Mild                                                                                      71 M                                                                                                                                                                    

  Sankaranarayanan *et al* (2005),[@R59] India\   Examining MT with oil on weight and growth and AE                      Skin rash\                          14/224                 2 days      NS                 NS       Massage 5 min 4/day with coconut/mineral oil or no oil           Trained person and mother   Resolved spontaneously (grade 1)                                  Massage in hospital and home continued for 30 days; mild rash occurred equally in all groups, coconut oil (n=5), mineral oil (n=5) and placebo (n=4), and did not require discontinuation of massage
  RCT                                                                                                                    Mild                                                                                                                                                                                                                                                              

  Cullen *et al* (2005),[@R62] UK\                Examining MT on communication of autistic child                        Worsened hyperactivity\             1/15                   NS          After 24 h         M        1 h weekly MT for 8 times by massager and daily by parent        Therapist and parents       No major complication (grade 1)                                   Eight other participants (2--13 years old, all with autism) who completed the study over 8 weeks reported 'no obvious negatives'
  Single-arm experiment                                                                                                  Mild                                                                                                                                                                                                                                                              
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

AE, adverse event; F, female; M, male; MT, massage therapy; NS, not stated; RCT, randomised controlled trial.

Unclassified AEs {#s3-6}
----------------

Due to insufficient information, we were unable to properly assess and rate the severity of AE reported by a NRCT. Goncharov[@R65] assessed the effect of MT with a mixture of aromatic oils on central nervous system (CNS) rehabilitation among 31 infants aged 4--18 months with perinatal hypoxic CNS injury. One child (age and sex not provided) developed an 'allergic reaction' (oil product not specified) and dropped out of the study (no further details were provided to allow for severity rating). The manuscript was written in Russian and author's contact information was not available.

Discussion {#s4}
==========

To the best of our knowledge, this is the first systematic review to primarily assess AEs associated with paediatric MT.

After extensive search in multiple databases and including non-English studies, we identified 64 AEs associated with paediatric massage. These events were further classified into mild, moderate and severe by our team. Moderate events were the most frequently identified, closely followed by mild and severe AEs. Of serious AEs identified, abdominal massage to stimulate peristalsis in preterm infants was identified as being associated with multiple reports of VWM.

VWM is considered a rare event, often associated with preterm birth (\<30 weeks GA) and low birth weight (\<1000 g).[@R49] We identified 17 events of VWM in preterm infants on this review, mostly very low birth weight (VLBW). In five VWMs, the authors did not consider MT as a risk factor for the volvulus while for the remaining 12 events, MT was considered a risk factor by authors.[@R49] The identified cases of VWM led to a routine change in their centres to avoid abdominal massage in preterm infants due the risk of volvulus. All the authors report that changing their practice to avoid abdominal massage in preterm neonates generated no further events of VWM in their centres.[@R49] The large majority of the events reported in this review occurred in infants born at \<30 weeks GA and weighed \<1000 g, which may be a confounder since VLBW is considered a risk factor for VWM. Others have reported findings of VWM in preterm infants. Horsch *et al* have reviewed cases of volvulus in a surgical referral centre over 8 years in Germany and found three preterm infants with VWM, and of these, one received properistaltic abdominal massage.[@R70] Yarkin *et al*, after reviewing 2 years of data from an epidemiological survey, identified that 12 of 15 cases of low birthweight (\<1500 g) preterm infants with VWM had abdominal massages prior to the event, although due the uncontrolled study design, they were unable to determine abdominal massage as a direct risk factor.[@R71] Horsch *et al* and Yarkin *et al* were not included in this review because they did not look into MT specifically. Several authors[@R49] have speculated on other risk factors for VWM, including immaturity of the intestine resulting in prolonged transit times and stool retention, use of continuous positive airway pressure or other intensive respiratory support, and female gender. Several of these risk factors were also identified in the included reports and it makes it difficult to assure causality of MT in the development of VWM.

MT has been studied in children, but with the main focus of assessing efficacy, very little has been reported on adverse events.[@R18] In contrast, adults report a wide range of AEs associated with massage, from mild events to severe, including cerebrovascular accidents, thromboembolism (renal, pulmonary), skin injury, leg ulcer, genitourinary injuries, disc herniation, soft tissue trauma, neurological compromise, spinal cord injury and dissection of the vertebral arteries,[@R8] although it is difficult to compare the different populations and comorbidities associated with each.

Similar to other studies,[@R74] this review reveals a lack of AEs reporting. The majority of included studies did not report if the intervention was associated with any AE or not, leading to significant reporting bias from the primary studies and carried into the review level, confirming that the true magnitude of AEs related to massage in paediatrics remains unknown.

Strengths and limitations {#s4-1}
-------------------------

This review was inclusive in searching peer-reviewed publications in seven databases from inception onward, not limiting by language. We minimised subjective errors by independent duplicate screening, study selection and data extraction. This systematic review meticulously collected data from included studies and classified severities of AEs according to well-established criteria. We have incorporated to this review all relevant studies, including case reports, case series and clinical trials, in an effort to be comprehensive. In addition, we reported studies that reported if AEs occurred or not, whether they mentioned if AEs were assessed or not, except for case reports which were only included if an event was reported.

As any study, this review has limitations. The majority of the AEs were described in case series/reports. Although case studies are well-recognised sources of reports on severe, unusual and/or rare AEs, conclusions drawn from such sources are limited and subject to confounding factors. In addition, given the limited information and heterogeneity of the data reported in the included studies, it was not possible to identify any conclusive association between MT and specific AEs, except for ba sha massage which caused a characteristic bruising.

Risk of bias was not performed due to the nature of included studies.

Clinical relevance of review findings {#s4-2}
-------------------------------------

The most significant review finding warranting clinical surveillance is the association between abdominal massage and VWM in preterm infants. There are several confounders impeding this review to define a causal relationship between neonatal abdominal massage and VWM, but the reports should be taken into careful consideration and abdominal massage should be considered with caution on this population.

Conclusions {#s5}
===========

We were able to identify a range of AEs associated with MT use, from mild to severe. Unfortunately, the majority of included studies did not report if an AE occurred or not, leading to publication bias. This review reports an association between abdominal massage with VWM in preterm infants, and it is still to be defined if this is casual or not, but our findings warrant caution in the use of abdominal massage in preterm infants.
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